Videoconferencing technology is a successful tool for expanding possibilities for collaborative and distance learning, while bridging the distance between the teacher and students, providing time and cost savings. Recently, the focus in literature and practice for quality requirements are shifting from deterministic behavior of the infrastructure in videoconferencing learning environments to students' Quality of Experience, as subjective measure that involves human dimensions. Hence, this study evaluates the impact of different Quality of Service mechanisms utilized in the infrastructure on students' Quality of Experience in videoconferencing learning environments. It involved 263 faculty students that participated in 42 learning sessions via videoconferencing during their academic activities, while the infrastructure was subjected to Quality of Service mechanism in the network, as well as application enhancement in the videoconferencing platform, or both. The performance counters from the technical equipment and results from the survey regarding students' perceived experience, showed definite Quality of Service to Quality of Experience correlation. When network and application Quality of Service were considered complementary, students' Quality of Experience was in average 18.5% higher compared to network and 15% to application Quality of Service implementations. Similarly, best technical performance was achieved when both mechanisms were consider as a whole, such as 34% decrease in average transmit delay compared to application and 62.5% to network Quality of Service mechanisms, etc. Finally, application controls had greater impact on perceived students' Quality of Experience than the network ones, which correlated to performance behavior of the infrastructure.
INTRODUCTION
Videoconferencing-based educational systems can enable students in one or many locations, to watch and listen to an instructor in real time, and maintain interactivity with those remote locations. It is a mature technology that can be used in the distance learning process to provide instructor-student or student-student interaction ( If it is used appropriately, videoconferencing can be cost-effective way for educational institutions to deliver successful educational experience to an expanded student population. Videoconferencing-based systems are relatively easy for end-users to operate, while establishing connections between remote locations. When in a call, the distributed team members are "virtually present" in same environment. Still, the usability of a videoconferencing session is closely connected to performance of the technological equipment and the underlying transport network, which influence the overall quality of the process (Borodakiy et , which enabled the remote video conferencing endpoints to participate as a closed usergroup. Each classroom was equipped with point of presence devices, teacher/student camera, coding/decoding engine, display or projector, and proper sound system (microphone and speakers). Hence, this professional videoconferencing infrastructure was utilized in 42 learning sessions between different sites (two, sometimes three in same session), conducted within the standard academic activities in three years. Each learning session started with 30 minutes presentation from lecturer in one site, followed by 30 minutes presentation from lecturer at the other site. The learning sessions were concluded with discussion via videoconferencing, which promoted students cooperation and opportunity for students to share educational expertise with colleagues. In our methodological approach, we have implemented three QoS mechanisms, during random, equally spread learning sessions: QoS controls and provisioning implemented within the network (NQoS); application enhancements of the videoconferencing platform for improved performance (AQoS); both, NQoS and AQoS during videoconferencing sessions.
The students participated in several videoconferencing learning sessions, with the different QoS controls, so they can express their QoE from the learning sessions. Students were not aware of the technical setup, so the produced results could provide adequate information for the relation between utilized QoS mechanism and students' QoE.
Research Procedure
The transport infrastructure in the environment where the study was conducted has sophisticated networking devices (routers) at different points of the network, including ones that can experience traffic saturation, so their flow recognition and provisioning capabilities can be programmed as NQoS according to the learning objectives and tested for results. While designing NQoS controls within the network we have implemented: (1) discovery phase, which was running for several weeks in advance, gathering information/statistics for the traffic across the live infrastructure, including test videoconferencing streams as planned for the learning sessions and (2) to maintain the quality of videoconferencing session over a live transport infrastructure, by immediately recognizing and taking action on video packet loss. With video error concealment, the video stream is coded in macro blocks, which are than randomized and sent through the transport infrastructure. Therefore the macro blocks, that are part of a same video frame, are sent in different packets. When a packet loss occurs during a videoconferencing session, the video concealment algorithm needs to compensate for the isolated missing macro blocks, since the codec can reproduce the lost micro blocks from the others, which are received within the packets that were not lost. These AQoS controls complement each other, so they were utilized to provide improved quality of the systems' performance during the learning sessions. Figure 2 illustrates the position of AQoS mechanism within the system infrastructure. ) that students' QoE derives from the complete system's effect on the students, influenced by their perception of the technical performance as well as their expectations for the learning session in general, we have designed a web based survey to gather students' opinion after each session with two sections. The first section of the survey contained direct questions regarding students' perception of technical quality (video, audio, their synchronization, etc.), while the second section focused on student's opinions for the learning session, which was to certain extend indirectly connected the technical environment. Survey's questions were phrased on a ten-point Likert scale (Likert, 1931) , where 1 = strongly disagree and 10 = strongly agree. Table 1 lists research variables and questions from the evaluation survey used during the study. The educational institutions that participated in the study required course evaluation survey after each session, so students' response rate was 100%. Students' personal data and privacy was protected at all time, and the teacher did not influence students' decision and evaluation criteria. Having in mind that students' QoE is influenced by different factors, we have designed the questions to obtain students' opinion on different aspects and ideally produce information that can be correlated with QoS results during the videoconferencing learning sessions.
RESULTS
The information gathered for the technological performance of the equipment contains objective values, which depend solely on utilized QoS mechanism, videoconferencing platform and transport infrastructure. Hence, from the central site we obtained negotiated video/audio codec during each learning session depending of the current state of the infrastructure, call rate, packet delay and jitter, as well as packet loss during NQoS, AQos and both implementations. Table 2 shows technical information from several videoconferencing sessions for better illustration of the technological parameters that were included in the study, while Table 3 shows summarized statistical information for these parameters, grouped by the utilized QoS mechanism. These results show that the videoconferencing platform, endpoints and transport network were working satisfactory, without significant problems while establishing and maintaining a quality videoconferencing session. Still, since the system was operating on a live converged network that carries different type of traffic flows, congestion and small issues were detected at certain intervals. With NQoS in place and its traffic discovery phase, the networking devices were able to gather information regarding the actual network itself, while the classification and provisioning steps for videoconferencing privileged alignment and treatment had also benefit from this phase. Additionally, the system was performing better with AQoS compared to NQoS mechanism only. The application enhancement within the videoconferencing platform were able to coup with the sudden traffic saturation within the infrastructure and provide better performance in avoiding packet loss, latency and jitter during the videoconferencing sessions. Still, both QoS mechanisms were able to provide the best performance results while working complementary, providing premium treatment for the videoconferencing rich media, from one end-point in one site, through the transport network, to the other sites.
Additionally, we have analyzed students' response for their perceived QoE after each videoconferencing learning sessions, grouped by the utilized QoS mechanism in the infrastructure. Thus, we obtained comprehensive QoE results as their subjective opinion for the technical performance (section A) and general aspects of the learning sessions (section B). correlation, so QoS mechanisms can be adjusted or improved in order to increase end-users' perceived QoE. While demonstrating a connection between utilized QoS mechanisms in the infrastructure and students' QoE during videoconferencing learning sessions, it provides contribution to literature that can be replicated in similar distance learning activities. Hence, the objective QoS and system's performance were measure from different aspects, while covering concepts, parameters and methods needed to manage interactions between videoconferencing applications, students' terminals at each of the sites and the underlying transport infrastructure in a form of NQoS, AQoS, or both. Via the information supplied in a form of students' experience and the link to different QoS controls within the system, the study provides conversions from technical parameters to human experience. 
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